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background: Congenital anomalies are more common in twins than singletons but in the majority, aetiology is not known. Our aim
was to test the hypothesis that survivors of an early loss in a multiple conception, compared with all singletons, are at increased risk of
congenital anomaly.
methods: Data were abstracted from the UK population-based Northern Multiple Pregnancy Register and Northern Congenital
Abnormality Survey, 1998–2004.
results: Among 3311 twin conceptions, both conceptuses were lost at ,16 weeks gestation in 67, and one conceptus in 142 con-
ceptions. Of the 142 singleton survivors, two died in infancy, two were terminated for a congenital anomaly and 11 of 138 had a congenital
anomaly (prevalence 915.5 per 10 000 births). There were 197 congenital anomalies among 5948 registered twin births (331.2 per 10 000).
The relative risk (RR) of congenital anomalies in a singleton with early loss of a conceptus and twins was 2.40 [95% conﬁdence interval (CI):
1.34–4.29]. There were 4265 infants with a congenital anomaly among the 206 914 singletons [206.1 per 10 000 births: RR twin:singleton
1.61 (95% CI 1.40–1.89)].
conclusions: A highly signiﬁcant increase in the risk of congenital anomaly in survivors from a multiple conception following early loss
of a conceptus supports the hypothesis that many congenital anomalies are associated with monozygotic multiple conceptions.
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Introduction
Fetal death is deﬁned as death prior to the complete expulsion or
extraction from its mother of a product of conception, irrespective
of the duration of pregnancy (World Health Organisation, 1993).
Late fetal deaths, after 24 weeks gestation in twin gestations, are
associated with major morbidity such as cerebral palsy and various
congenital anomalies in the surviving co-conceptus (Melnick, 1977;
Hagay et al., 1986; Carlson and Towers, 1989; Cherouny et al.,
1989; Fusi and Gordon, 1990; Van den Veyver et al., 1990; Ishimatsu
et al., 1994; Kilby et al., 1994; Lin et al., 1999; Pharoah and Adi, 2000;
Weiss et al., 2004). Whether or not early fetal death, before 24 weeks
gestation, may be associated with similar risks of death or morbidity in
the co-twin is less certain. There have been case reports of second
and ﬁrst trimester fetal deaths with a variety of congenital anomalies
in the surviving co-twin (Saier et al., 1975; Hoyme et al., 1981;
Baker and Doering, 1982; Anderson et al., 1990; Van Bogaert et al.,
1996; Baker et al., 1996). As these are case reports, it is not possible
to ascertain whether the observed anomalies are chance observations
or whether they indicate an increased risk attributable to early fetal
demise of a conceptus. Population-based risks are required but such
data are scarce.
It has been hypothesized that a signiﬁcant proportion of infants with
cerebral palsy may be attributable to very early loss of one conceptus
in a twin gestation (Pharoah and Cooke, 1997). Infants with cerebral
palsy are at increased risk of having a coincidental congenital
anomaly, an observation that has been used to infer that the cerebral
impairment presenting as cerebral palsy occurs during fetal develop-
ment (Nelson and Ellenberg, 1985; Blair and Stanley, 1993; Palmer
et al., 1995; Croen et al., 2001). The coincidence of both cerebral
palsy and a congenital anomaly in an infant led to the hypothesis
that a common pathogenic process was responsible for the dual
impairment. It has been postulated that both congenital anomalies
and cerebral palsy may be attributable to early fetal loss of a conceptus
& The Author 2008. Published by Oxford University Press on behalf of the European Society of Human Reproduction and Embryology. All rights reserved.
For Permissions, please email: journals.permissions@oxfordjournals.org
The online version of this article has been published under an open access model. Users are entitled to use, reproduce, disseminate, or display the open access version of this article for
non-commercial purposes provided that: the original authorship is properly and fully attributed: the Journal and Oxford University Press are attributed as the original place of publication
with the correct citation details given: if an article is subsequently reproduced or disseminated not in its entirety but only in part or as a derivative word this must be clearly indicated. For
commercial re-use, please contact journals.permissions@oxfordjournals.org
Human Reproduction, Vol.24, No.3 pp. 726–731, 2009
Advanced Access publication on December 5, 2008 doi:10.1093/humrep/den436in a multiple gestation (Pharoah, 2005). Further, it has been proposed
that the initiation of the pathogenic process was division of the zygote
but the subsequent pathogenic pathways for both cerebral palsy and
congenital anomalies diverged (Pharoah, 2007).
Many congenital anomalies occur during very early fetal develop-
ment. Thus, the effects of early fetal loss of one conceptus on the
development of the surviving conceptus need to be explored. The
aim of this study was to test the hypothesis that survivors of early
loss in a multiple conception are at increased risk of a congenital
anomaly.
Materials and Methods
The Northern Region of England is a geographically deﬁned area with a
stable population of almost 3 million and 31 000 births per year, residing
in two main urban conurbations and extended rural areas. It comprises the
counties of North Cumbria, Northumberland, Tyne and Wear, Durham
and Darlington and Teesside. The total number of registered births for
the study period, 1998–2004, was obtained from the Ofﬁce for National
Statistics.
The Northern Multiple Pregnancy Register (MPR) was established in
1998 to capture details on all multiple pregnancies in the Northern
Region (Glinianaia et al., 2002; Ward Platt et al., 2006). Ascertainment
is from the earliest antenatal scan on which a multiple pregnancy is
detected, and then successively at the time of the 20 week anomaly
scan and at delivery. At the ﬁrst trimester ultrasound screening, the
number of sacs/embryos and heartbeat are detected and chorionicity,
when possible, is determined. The ﬁnal diagnosis of chorionicity for
like-sex twin pregnancies is based on placental examination and histology
or, when there is no pathological examination of the placenta, on the
appropriate ﬁrst trimester ultrasound. The records are linked to the
Perinatal Mortality Survey (PMS) database (Northern Regional Health
Authority Coordinating Group, 1984) and the Northern Congenital
Abnormality Survey (NorCAS) (Richmond and Atkins, 2005). Data on
congenital anomalies in fetal deaths and live births, whether diagnosed
antenatally or not, are notiﬁed from multiple sources, including antenatal
ultrasound, fetal medicine, cytogenetic laboratories, the regional cardiol-
ogy centre and the departments of pathology and paediatric surgery to
NorCAS thereby ensuring high case ascertainment.
NorCAS is a member of the British Isles Network of Congenital
Anomaly Registers (BINOCAR; Rankin, 2007) and the European Surveil-
lance of Congenital Anomalies (EUROCAT: a network of 38 congenital
anomaly registers in 20 European countries). The EUROCAT exclusion
list for minor congenital anomalies (patent ductus arteriosus in a prema-
ture infant, undescended testis, birthmarks, skin tags, unspeciﬁed talipes
and macrocephaly) is employed by NorCAS (http://www.eurocat.ulster.
ac.uk/). Further details on data collection have been reported previously
(Richmond and Atkins, 2005).
Deﬁnitions
An early fetal death was deﬁned as loss of a conceptus at ,16 weeks
gestation in a multiple conception that was diagnosed at the ﬁrst ultra-
sound examination. A spontaneous or therapeutic abortion was deﬁned
as loss of a conceptus that occurred between  16 and ,24 weeks of
gestation.
A distinction is made between conceptions and registered births
because spontaneous and therapeutic abortions at ,24 weeks gestation
are included in the ﬁgures but are not usually registered as a birth.
Thus, for twin conceptions where one fetus is spontaneously or thera-
peutically aborted, the surviving conceptus is counted as a singleton birth.
The prevalence of congenital anomalies in twins was determined per
10 000 twin still and live births.
Congenital anomalies were coded according to the International
Statistical Classiﬁcation of Diseases and Related Health Problems,
Chapter XVII (Q rubric) ‘Congenital Malformations, Deformations and
Chromosomal Abnormalities, 10th revision’ (ICD-10) (World Health
Organisation, 1993).
Statistics
Relative risks (RR) were determined using the statistical package EpiInfo 6
with Yates’ correction.
Ethics and consent
The registers are held at the Regional Maternity Survey Ofﬁce in Newcas-
tle which is part of the North East Public Health Observatory (NEPHO).
Data are processed according to NEPHO’s Security and Conﬁdentiality
Policy. The NorCAS has ethics approval (04/MRE04/25) to undertake
studies involving the use of its data.
Results
There were 213 087 registered live and stillbirths in the Northern
Region during 1998–2004 comprising 206 914 singletons, 5948
twins, 210 triplets and 15 higher-order multiple births. Among the sin-
gletons, there were 4265 with a congenital anomaly, a prevalence of
206.1 per 10 000 births.
Among twin births, there were 194 congenital anomalies in 5914
births (Fig. 1) plus 3 congenital anomalies in 34 twin births from
triplet conceptions (Fig. 2). Thus, there were 197 with a congenital
anomaly among the 5948 registered twin births, a prevalence of
331.2 per 10 000.
The twin:singleton RR of congenital anomaly was 1.61 [95% conﬁ-
dence interval (CI): 1.40–1.89; P , 0.0001].
Among the 210 triplets born, there were eight with a congenital
anomaly (prevalence 381.0 per 10 000 births).
The number of twin conceptions notiﬁed to the MPR during the 7
years was 3311. Gestational age at diagnosis was recorded in 3187
of which 2103 (66%) were diagnosed by ultrasound at ,13 weeks.
In 67 of these, both conceptuses suffered a late miscarriage or ter-
mination. In 142, there was loss of a conceptus at ,16 weeks ges-
tation (Fig. 1). In two, the conceptus that was lost had a congenital
anomaly and in two, the surviving conceptus was therapeutically
aborted for a chromosomal anomaly and 140 singleton births were
registered. Two of the 140 registered singletons were neonatal
deaths with prematurity as the cause of death. Eleven of the 138
that survived infancy had a congenital anomaly. The congenital
anomalies in the 11 survivors of a spontaneously lost co-conceptus
were: cardiac (two), skeletal (three), chromosomal (one), intestinal
(two), facial clefts (one), urogenital system (one) and other (one).
Thus, 13 of the 142 survivors of an early fetal loss (915.5 per
10 000 singleton survivors of early fetal loss) had a congenital
anomaly.
The RR of a congenital anomaly in a singleton birth from a twin
conception and twin births from a twin conception is 2.40 (95% CI:
1.34–4.29; P , 0.01).
Congenital anomalies and fetal loss in twin pregnancy 727A diagrammatic presentation of the outcome of the 100 triplet
conceptions is shown in Fig. 2. There was early loss of all three
conceptuses in 10 of these.
Spontaneous loss of one conceptus at ,16 weeks gestation
resulted in twin pregnancies in 14. There were three congenital
anomalies among the 28 births (renal agenesis, transposition of the
great vessels and ventricular septal defect), a prevalence of 1071.4
per 10 000 live births. As is the case for twin conceptions with early
loss of one conceptus, the prevalence of congenital anomalies in
triplet conceptions with an early loss of one conceptus was
signiﬁcantly different from singleton pregnancies (RR: 5.43; 95% CI:
1.86–15.82; exact P ¼ 0.017).
Seventy triplet pregnancies were registered comprising 11 stillbirths,
15 infant deaths and 184 live births. Eight of the 210 registered triplet
births had a congenital anomaly (381 per 10 000 births). This is of a
similar order of magnitude as found for twin conceptions that result
in twin registered births.
Discussion
The NorCAS belongs to established UK and European networks of
congenital anomaly registers that use similar inclusion criteria and
have a consistent approach to data collection, coding and recording.
The use of multiple source notiﬁcations ensures NorCAS has a high
case ascertainment and allows validation of the data (Richmond and
Atkins, 2005). The MPR is the only active register recording multiple
gestations in the UK. Multiple source ascertainment and cross-
validation with the PMS, NorCAS and the Ofﬁce for National Statistics
contribute to its quality (Glinianaia et al., 2002). The MPR is unique
in that it registers multiple gestations from the earliest antenatal
scan: approximately two-thirds of twin gestations are diagnosed before
13 weeks and 90% before 19 weeks gestation (Ward Platt et al., 2006).
The majority of studies comparing the prevalence of congenital
anomalies at birth in singleton and multiple births have observed an
increased risk among the latter. Among twins, the higher prevalence
Figure 1 Congenital anomalies in twin conceptions. Data are from the UK population based Northern MPR and NorCAS, 1998–2004.
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dizygotic (DZ), and in monochorionic (MC) compared with dichorio-
nic, twins (Myrianthopoulos, 1978; Cameron et al., 1983; Corney
et al., 1983; Glinianaia et al., 2008). The low concordance rate
within MZ twins is a denial of the hypothesis that the majority of
anomalies are the consequence of a gene segregation process (Knox
and Lancashire, 1991). However, the problems of comparing preva-
lence at birth of congenital anomalies in singleton and multiple preg-
nancies arise from the bias inherent in loss of embryos or fetuses
before birth. Among spontaneous abortuses, twins are about three
times as frequent as live births with 88% of twin embryos and 21%
of twin fetuses being abnormal (Livingstone and Poland, 1980). High
loss of abnormal conceptuses in multiple gestations will lead to a
serious underestimate of the prevalence of congenital anomalies in
these conceptions. Furthermore, a congenital anomaly in a singleton
registered birth will be falsely ascribed to a singleton conception if
there has been early loss of a co-conceptus thereby inﬂating the con-
genital anomaly prevalence in singletons. Efforts to determine the true
contribution of multiple gestations to the problem of congenital
anomalies require that the multiplicity of all conceptions and
whether there has been early loss of a conceptus is recorded. The
data recorded in the MPR and its linkage to the NorCAS and the
PMS is a step towards this objective.
The data presented here conﬁrm the well established observation
that multiple births are at greater risk than singletons of having a con-
genital anomaly. This increase in risk is signiﬁcantly enhanced if, in a
multiple conception, there is an early loss of a conceptus. The risk
of a congenital anomaly in the survivor following very early loss of a
conceptus is over twice that of a twin pregnancy and almost 4-fold
compared with a singleton pregnancy.
In addition to an inﬂation of the prevalence of congenital anomalies
in singletons owing to twin conceptions being registered as singletons
following very early loss of a co-conceptus, there is another possible
source of bias in the estimation of RR. Very early ultrasound assess-
ment of pregnancy is frequently made when monitoring pregnancies
resulting from artiﬁcial reproduction therapy but current law in the
UK does not permit the holding of information on the type of con-
ception. Such pregnancies are almost invariably DZ except for the
slightly greater propensity for MZ division (Derom et al., 1987;
Wenstrom et al., 1993). Spontaneous conceptions are more likely
Figure 2 Congenital anomalies in triplet conception. Data are from the UK population based Northern MPR and NorCAS, 1998–2004.
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bias will lower the estimate of risk attributable to very early loss of
a conceptus in an MZ conception.
Environmental and other teratogens, nutritional deﬁciencies and
gene segregation processes are unable satisfactorily to account for
the singleton/multiple differences in congenital anomaly prevalence
and other pathogenic mechanisms must be invoked. In addition to
the hypothesis tested in this study, it has been hypothesized that cer-
ebral palsy of pre-partum aetiology is also the result of early loss of a
conceptus in a multiple gestation (Pharoah and Cooke, 1997) and that
both cerebral palsy and congenital anomalies share the same patho-
logical process though the pathological pathways themselves differ
(Pharoah, 2005). If this is so, cerebral palsy of pre-partum origin is
another congenital anomaly and the coincidence of cerebral palsy
with some other congenital anomaly infant would be observed
more frequently than expected by chance. Several reports conﬁrm
this (Nelson and Ellenberg, 1985; Blair and Stanley, 1993; Palmer
et al., 1995; Croen et al., 2001).
This study provides strong evidence that loss of a conceptus in a
multiple gestation makes a signiﬁcant contribution to the aetiology
of congenital anomalies. The proportion of congenital anomalies
attributable to such a pathogenesis is not known. The linking of
multiple pregnancy and congenital anomaly registers needs to be
routine to achieve this. However, only half of all births in England
and Wales contribute to a congenital anomaly register (Rankin,
2007). Cerebral palsy registers should also contribute to the linkage.
The importance of determining pathogenic mechanisms of
disease is underlined by the potential for disease prevention.
Prenatal diagnosis and termination of pregnancy is often an unsatisfac-
tory solution. If MZ division with MC placentation plays a crucial role
in many congenital anomalies, division of the blastomere needs to be
the focus of primary prevention. MZ division appears to be a random
event and is remarkably constant at 3.5 per 1000 maternities (Little
and Thompson, 1988). A possible mechanism involves the role
of calcium-dependent intercellular bonding of the blastomere. A
calcium chelator increases the chances of an MZ multifetal pregnancy
(Steinmann, 2002). Further investigation of factors inﬂuencing MZ
division may have important preventive potential.
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